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R e p o r t  N O .  710/?8 
1Va.tertown A r s e n a l  December 2 1 ,  1?36 

F h o 3 o ~ r a p h i c  Stu.dy o f  I ~ y p a c t  
of  3a.11 2nd .4rmor P i e r c i n g  Ammuniticn 
-- cn Armor P l a t e  -------------- 

The o b j e c t  o f  th is  i n v e s t i p . t i o n  w ~ s :  

1. TQ make a. photop;rapnic  s t u d y  of  t h e  imw2ct of 

b a l l  and  a rmor  p i e r c i n ?  b u l l e t s  i n  homogeneous a r : ?o r  p l a t e .  

? To s t u 3 y  t h e  x p t u r e  of  d e f o r r n a t i c n  ~t a r .pps  

n f  b u l l e t  i r n p ~ z t ,  

a n d  .30 b a l l  ammunit ion on p l a t e  r e v e a l  sound w v e s  as 

t h e y  a r e  r e f l e c t e d  f rom t n e  b a c k  s i d e  c f  t h e  p l a . t e  a n d  

t h e  s t a r t  of new 1vc7ves a s  t n e  b u l l e t  p i e r c e s  t h e  p l a t e .  

2. P h o t o c r a p h i c  . . s t u d i e s  t a k e n  by r e f l e c t e d  l i q h t  

of  d i f f e r e n t  s t a i ~ e s  o f  i r n p ~ c t  of  Ca.1. .30 armor  p i e r c i n g  

b u . l l e t s  ~!ri th s t r i k i n g  v e l o c i t y  v z r y i n a  . - f r ~ m  3100 f o o t  

s e c o n d s  t o  s e r v i c e  v e l o c i t y  a.t a  d i s t a n c e  o f  1 0 0  y a r d s  

i n d i c s t e  t h a t :  - 

(a.) I n c a n d e s c e n t  p s r t i c l e s  of  l e a d  a r c  
e v i d e n t  a t  moment of  impac t .  

( b )  The j a c k e t  m e t a l  p e e l s  c f f  t h e  c o r e  and 
i s  f l n t t e n e d  o u t  on The p l a t e  a t  e w l y  
s t a g e s  o f  impac t .  

( c )  Lead s p l a s h  a n d  p a r t i c l e s  c f  j a c k e t  m e t a l  
a r e  Slolvn o f f  a t  t n e  a r e a  o f  i m p a c t .  



3. S p e c t r o g r a p h i c  a n a l y s i s  o f  m e t a l l i c  p a . r t i c l e s  

a n d  g r a y  d e p o s i t  c o l l e c t e d  on \;rooden members o f  t n e  a rmcr  

p l a t e  s u p p o r t  i s  as f o l l o w s :  

a. K e t a l l i c  P a r t i c l e s  - Cu, Pb ,  Zn 

b. Gray d e p o s i t  - Cu, Pb,  Ze,  A l ,  Zn, IGn, C r .  

4 .  D i s t o r t i c n  on t h e  r e a r  f a c e  o f  a.rmor p l a t e  

somet imes  o c c u r s  .5" f rom a c t u a l  p o i n t  o f  p e n e t r a t i o ' n .  

5. D i s t o r t i o n  o f  t h e  o u t e r  s u r f a c e  l a y e r s  o f  

p l a t e  n e a r  t h e  a r e a  o f ' i m p a c t  a s  r e v e a l e d  by m a c r o s c o p i c  

e x a m i n a t i o n  i s  t y p i c a l  o f  that  p r o d u c e d  by t o r s i o n .  

6.  Ev idence  o f  t o r s i o n a l  i m p a c t  p r o d u c e d  by 

b u l l e t  impac t  on p l a t e  i s  r e v e a l e d  i n  t h e  follo1lrini-1; c,-.ses: 

( a )  The s t u d y  o f  m i c r o s c o p i c  e x a m l n a t i o n  of  

t n e  m e t a l  a t  a r e a s  o f  i m p a c t .  

( b )  S p a l l s  with hav,e been  blown o f f  t h e  

b a c k  o f  t h e  p l a t e ,  

( c )  A s t u d y  o f  s p i r a l  f r a c t u r e s  on t h e  r e a r  

f a c e  o f  p e n e t r a t e d  p l a t e .  

I n t r o d u c t i o n  ---- 
I n  c c n n e c t i o n  w i t h  t h e  p r e s e n t  s t u d y  of  t h e  nechanism 

of  p e n e t r a t i o n  of  a rmor  p l a . t e ,  P r o f e s s o r  H. E .  E d g e r t o n  

of t h e  ~ d ~ a s s a c h u s e t t s  I n s t i t u t e  of' Technclog-y ha.s made a 

v e r y  i n t e r e s t i n g  a n d  instructive s e r i e s  o f  p h o t o g r a p n s  

of  i m p a c t s  of a rmor  p i e r c i n g  b u l l e t s  on homogeneous a rmor  

p l a t e ,  o n e - h a l f  i n c h  i n  t h i c k n e s s .  



P r o f e s s o r  Edger ton  has r e c e n t l y  p e r f e c t e d  t h e  

t e c h n i q u e  of  t a k i n g  a c c u r a t e l y  t imedphotographs  o f  

b u l l e t s  i n  f l i g h t ,  and a t  v a r i o u s  s t a g e s  o f  impact  on 

p l a t e ,  t h e  d e t a i l s  of which a r e  g i v e n  below. 

EXPERI16ENTAL PROCEDURE -------- 

Method of  Taking A c c u r a t e l y  T i m d P h o t o g r a p h s  1. - - - - -  - 
P r e l i m i n a r y  e x p e r i m e n t s  were conducted  a t  

t h e  I " a s s a c h u s e t t s  I n s t i t u t e  of Technology on t h e  pnoto-  

g r a p h i c  s t u d y  of impact  of c a l i b e r  .22 and .30 b a l l  

ammunition on t h i n  s h e e t  r u b b e r ,  18 gauge aluminum and 

18 gauge  g a l v a n i z e d  i r o n  s h e e t .  Both s i l h o u e t t e  and 

r e f l e c t e d  l i g h t  p h o t o g r a p h s  were t aken .  

An e x t e n s i v e  p h o t o g r a p h i c  s t u d y  was made a t  

ivatertolvn A r s e n a l  d u r i n g  September a n d  October  1036 

u n d e r  t h e  d i r e c t i o n  o f  P r o f e s s o r  Edger ton  i n  r e g a r d  t o  

t h e  impact  of  c a l i b e r  .30 armor p i e r c i n g  b u l l e t s  on 

s t a n d a r d  chromium-molybdenum-vanadium homogeneous armor 

p l a t e  h e a t  t r e a t e d  t o  a B r i n e 1 1  h a r d n e s s  of 418. The 

s t r i k i n g  v e l o c i t i e s  of t h e  b u l l e t s  u s e d  v a r i e d  from 

2100 f o o t - s e c o n d s  t o  s e r v i c e  v e l o c i t y  a t  a d i s t a n c e  of  

100 y a r d s .  The s i z e  of  t h i s  p l a t e  was 1 2  x 12  x 1/21!. 

A l l  s c a l e  on t h e  p l a t e  was removed by means of  s a n d  

b l a s t i n g  b e f o r e  t h e  t e s t .  



P h o t o g r a p h i c  s t u d i e s  were a l s o  made on t h e  r e a r  

f a c e  of a sand b l a s t e d  p l a t e ,  b e f o r e ,  d u r i n g  and a f t e r  

b u l l e t  impact  i n  o r d e r  t o  de te rmine  t h e  n a t u r e  o f  t h e  

mechanism of p e n e t r a t i o n  on th is  p a r t i c u l a r  f a c e .  

Fur thermore  a n  a t t e m p t  was made t o  s t u d y  t h e  e x t e n t  

of de fo rmat ion  a t  t h e  a r e a  of  p e a r a t i o n  on t h e  r e a r  

f a c e  of t h e  ?Late.  To accompl i sh  t h i s ,  t h e  r e a r  f a c e  

of t h e  p l a t e  was g round ,  p o l i s h e d  and  p a r ~ l l e l  l i n e s  

one -ha l f  i n c h  a p a r t  were engraved  h o r i z o n t a l l y  ~ n d  

v e r t i c ~ t l l y  on t h i s  f a c e .  A p h o t o g r a p h i c  s tudy  was m ~ d e  

b e f o r e ,  d u r i n g  and a f t e r  impac t ,  i n  o r d e r  t o  de te rmine  

t h e  amount of d i s t o r t i o n  of  t h e  l i n e s .  

A l l  p l a t e s  were s e c u r e l y  clamped t o  a wooden frame- 

work,  t h e  r e a r  f a c e  of  t h e  p l a t e  b e i n g  u n p r o t e c t e d .  

The a p p a r a t u s  u s e d  f o r  t a k i n g  t h e  pho tographs  

shown i n  F i g u r e  1 c o n s i s t e d  of  t h e  f o l l o a i n g  u n i t s :  

( a )  A R o c h e l l e - s a l t  p i e z o - e l e c t r i c  c r y s t a l  

and  a m p l i f i e r  a c t u a t e d  t h e  f l a s h  of l i g h t  a t  t h e  c o r r e c t  

i n s t ~ n t .  The a m p l i f i e r  c o n s i s t e d  of  f o u r  s t a g e s  of 

vacuum t u b e s  p l u s  a T h y r a t r o n  s p a r k  p roduc ing  c i r c u i t .  

T h i s  h i g h  v o l t a g e  s p a r k    bout 50,000 v o l t s )  was u s e d  

t o  t r i p  t h e  a rgon  lamp d e s c r i b e d  below: 

( b )  A s p e c i a l l y  c o n s t r u c t e d  ergon f i l l e d  

lamp was u s e d  f o r  p roduc ing  t h e  v e r y  s h o r t  f l a s h  of 

l i g h t  and was e x c i t e d  by a condense r  cha rge .  The l e ~ d s  



f o r  t h i s  tube  were d e s i g n e d  t o  minimize t h e  i n d u c t a n c e  

i n  t h e  condense r  d i s c h a r g e  c i r c u i t .  A s k e t c h  of t h e  

g e n e r a l  a r rangement  i s  shown i n  Figu.re  1, v h i c h  S ~ O I Y S  

t h e  c o n n e c t i o n s  2nd t n e  p o s i t i o n  of  t h e  camera a n d  

t h e  lamp. Argon g a s  a t  a p r e s s u r e  of f o r t y  c e n t i m e t e r s  

( o f  mercury)  was p u t  i n t o  t h e  tube .  

The s e a l s  were 4 0  m i l  t u n g s t e n  ond t h e  ends  of 

t h e  s e a l s  were u s e d  $s e l e c t r o d e s .  A condense r  of 

0 . 5  m i c r o f a r a d  c a p a c i t y ,  c h a r g e d  t o  abou t  6000 v o l t s  

was connec ted  d i r e c t l y  a c r o s s  t h e  s p e c i a l  a rgon  t u b e .  

( c )  The camera u s e d  f o r  t a k i n g  t h e  p r e l i m i n -  

a r y  impact  s t u d i e s  vras x 1 2  cm Z e i s s  Ikon rlrith an 

f 4 . 5  l e n s  of  150 mm f o c ~ l  l e n g t h .  The l e n s  was s e t  

i n  this c a s e  ~ . t  f l l .  

I n  t h e  p h o t o g r a p h i c  s t u d y  o f  armor p i e r c i n g  

impc.ct a f 7.7 l e n s  wide open w i t h  173 mm foca.1 l e n g t h  

was used .  A l l  p h o t o g r ~ p h s  were t a k e n  upon E ~ s t m a n  

t lVer ichromen f i l m .  

2. Macro and Mic roscop ic  Examin8 t i o n  

Macro a.nd m i c r o s c o p i c  e x a m i n a t i o n  was made on 

p l a t e s  t e s t e d  at Aberdeen P r o v i n g  Ground i n  o r d e r  t o  

s t u d y  t h e  f low of  m e t a l  a t  a r e 8 s  of  b u l l e t  impact .  

3 .  S p e c t r o g r a p h i c  A n a l y s i s  of  D e p o s i t  from 
B u l l e t  Impact  ------- 

S p e c t r o g r a p h i c  a n a l y s i s  !~as mzde on some of  t h e  

d e p o s i t  t a k e n  from b u l l e t  impact  on p l a t e .  T h i s  

d e p o s i t  was removed from 1*1coden s u p p o r t s  of t h e  
-5- 



framework s u p p o r t i n g  t h e  armor p l a t e .  

D i s c u s s i o n  ----- 

1. P h o t o ~ r a p h i c  S tudy  

The p i e z o - e l e c t r i c - c r y s t a l  method of 

t i m i n c  t h e  f l ~ s h  works v e r y  c o n s i s t e n t l y  2nd q u i c k l y .  

F o r  e x a n p l e ;  t n e  v a r i ~ t i o n  of  t h e  p o s i t i o n  of t h e  

b u l l e t  f rom t h e  mecn v a l u e  i n  t w e l v e  ( 1 2 )  p i c t u r e s  

was l e s s  t n a n  1/2".  Most of  t h i s  v a r i ~ . t i o n  c8n be 

a c c o u n t e d  f o r  by d i s p e r s i o n  o f  t h e  ~ ~ m m u n i t i o n .  

The l l g n t  f l a s h e s  e a r l y  i f  t h e  f u l l  s e n s i -  

t i v i t y  of t h e  a m p l i f i e r  i s  used .  T h i s  i s  a p p a r e n t l y  

due t o  t h e  sound wave that i s  t r a n s m i t t e d  t h r o u g h  the  

gun s u p p o r t  a n d  t h e  cement f l o o r  t o  t n e  c r y s t a . 1  s t a n d .  

Adjus tment  o f  t h e  c rys t9 .1  p o s i t i o n  was f i r s t  a p p r o x i -  

m a t e l y  d e t e r m i n e d  by c a l c u l ~ t i o n  f rom t h e  e x p e c t e d  

v e l o c i t y  o f  t n e  b u l l e t .  F i n r l  a d j u s t m e n t  was made 

v i s u a l l y  s i n c e  t h e  b u l l e t  can  be s e e n  v i t h  t h e  flash 

of  l i g h t  from t h e  a rgon  tube. 

The p h o t o g r a p h i c a l l y - e f f e c t i v e  d u r a t i o n  

of  l i g h t  from t n e  a rgon  t u b e  i s  a b o u t  two mic ro  

seconds .  Assuming s b u l l e t  v e l o c i t y  o f  2700 f e e t  

p e r  second  t h e  b u l l e t  w i l l  move 0 .06  of  PLn i n c h ,  

w h i l e  t h e  exposure  i s  b e i n g  ms.de. The s l i g h t l y  

b l u r r e d  edges  of  t n e  b u l l e t s  i n  t h e  p h o t o g r ~ . p h s  i s  

c a u s e d  by t h i s  e f f e c t  thwugh some o f  t h e  b l u r r i n g  



may be caused  by l a c k  of ~ c c u r a t e  f o c u s .  The exposure  

t ime  i s  l i m i t e d  p r i n c i p a l l y  by i n d u c t a n c e  i n  t h e  

condense r  ~ n d  i n  t h e  l e a d s .  However, t h e  lamp m f l y  

g r e a t l y  e x t e n d  t h e  exposure  t ime i f  i t  a l l o w s  c s c i l l a -  

t i o n s  i n  t h e  condense r  o r  i f  t h e  g a s  i n  t h e  t u b e  con- 

t i n u e s  t o  g l o ~ v  a f t e r  t h e  c u r r e n t  ha.s s topped.  The t u b e  

whose s p e c i f i c a t i o n s  a r e  g i v e n  on t h e  s c h e m ~ t i c  l e .you t  

of t h e  ar rangement  h a s  s u f f i c i e n t  r e s i s t a n c e  t o  damp 

o u t  t h e  o s c i l l a t i o n s  and  nas a v e r y  f a . i n t  e f t e r  glow 

t h a t  i s  n o t  e f f e c t i v e  from a. p h o t o g r ~ ~ p h i c  s t a n d p o i n t .  

Reduc t ion  o f  exposure  t ime s h o u l d  be p o s s i b l e  w i t h  a 

condense r  of  l o w e r  i n d u c t a n c e .  The inducta .nce  of t h e  

0 .5  m i c r o f a r a d  condense r  u s e d  i n  t h e s e  e x p e r i m e n t s  

t o g e t h e r  w i t h  t h e  i n d u c t a n c e  o f  t h e  l e a d s ,  gave t h e  

c i r c u i t  a n a t u r a l  f r e q u e n c y  o f  abou t  875 k i l o c y c l e s .  

A d e s c r i p t i o n  of  t h e  pho tographs  a t t a c h e d  

i s  g i v e n  below : 

Eig .  2 ,  3, and 4 i l l u s t r a t e  s i l h o u e t t e  

pho tographs  of  C a l i b e r  .30 b a l l  ammunition s e r v i c e  

v e l o c i t y  i n  f l i g h t ,  d u r i n g  p e n e t r 9 , t i o n  and. e . f t e r  pene- 

t r a t i n g  s n  e i g h t e e n  gauge aluminum s h e e t .  These photo-  

g r a p h s  i l l u s t r a t e  scund waves p r o p o g s t e d  from t h e  

b u l l e t  i n  f l i g h t  and as t h e y  a r e  r e f l e c t e d  from t h e  

back s i d e  o f  t h e  p l a t e  e n d  t h e  s t a r t  of  t h e  new wa.ve 

as t h e  b u l l e t  p i e r c e s  t h e  p l a t e .  These pho tographs  



were t ~ k e n  s b o u t  1 0  f e e t  i n  f r o n t  o f  t h e  muzzle 

of t h e  r i f l e  and t h e  c r y s t ~ l  YR,S p l ~ c e d  abou t  two 

o r  t h r e e  f e e t  beyond t h e  p o i n t  a t  Which t h e  b u l l e t  

was pho togrsphed .  

F i g u r e s  5 ,  6 ,  7 ,  8 ,  9 ,  1 0 ,  11 and 1 2 ,  

snow m.n i n t e r e s t i n g  s e r i e s  of  p h o t o g r ~ p h s  of C 8 . 1 .  .30  

-4rnor P i e r c i n g  s e r v i c e  v e l o c i t y  b u l l e t  i n  v a r i o u s  s t R g e s  

of i m p ~ c t  on h e a t  t r e ~ t e d  homogeneous one h ~ . l f  i n c h  

Armor p l r t e  ~ . t  2 d i s t a n c e  of  one-hundred y z r d s .  The 

approach  of t n e  b u l l e t  t o  p l a t e  i s  shown i n  F i g u r e s  

5  2nd 6 .  A t  t h e  immedi~ . t e  moment of  conta.ct  of 

b u l l e t  on p l a t e ,  f l a r e s  p r o b ~ . b l y  of i n c a n d e s c e n t  

l e a d  p p - r t i c l e s  a r e  e v i d e n t ,  s e e '  F i g u r e  7. On f u r t h e r  

p e n e t r a t i o n  of p l n t e  t n e  j a c k e t  m e t a l  a p p a r e n t l y  p e e l s  

o f f  and  i s  t h r u s t  forw?.rd on p l ~ t e ,  s e e  F i g u r e s  8 and 3. 

L 2 t e r  s t r g e s  of i m p ~ c t  of  t n e  b u l l e t  s r e  i l l u s t r a t e d  

i n  F i z u r e s  1 0 ,  11 ~ . n d  1 2  i n  which p m t i c l e s  of j w k e t  

m e t a l  znd 1ep.d s p l a s h  a r e  blown from t h e  a r e a  o f  impact .  

U n f o r t u n a t e l y  t h e  ~ c t u p . 1  p e n e t r ~ . t i o n  of t h e  p l l t e  i s  

masked by f l y i n g  p a . r t i c l e s  d ~ ~ r i n g  t h e  impact .  

Pho tographs  t a k e n  on t h e  back s i d e  of t h e  

p l a t e  b e f o r e ,  d u r i n g ,  and 5 f t e r  impact  a r e  shown i n  

F i g u r e s  13, 1 4 ,  1 5 ,  1 6 ,  17 and 18. S p a l l s  and  

i n c s n d e s c e n t  p ~ . r t i c l e s  a r e  sho~vn f l y i n g  o f f  t h e  



p l a t e  i n  F i g u r e  14 .  F r o g r e s s  of b u l l e t  p e n e t r a t i o n  

of  t h e  r e a r  f a n e  of t h e  p l ~ t e  a.re i l l u s t r a t e d  i n  

F i g u r e s  17 and 18. 

4 s t u d y  o f  F i g u r e  20 shows s l i g h t  b u l g i n g  

of m e t a l  ( w i t h i n  a r e a  mwked)  d u r i n g  e a r l y  s t a q e s  

of impact .  A f t e r  p e n e t r a t i o n  hobrever, t h e  a c t u a l  

i m p a c t ,  F i g u r e  21 ,  a c t u e l l y  o c c u r r e d  0.5 i n c h e s  from 

this  bu lge .  Thig o b s e r v a t i o n  i s  i m p o r t ~ n t  i n  t h e  

s t u d y  o f  o c c u r r e n c e  of e l ~ s t i c  d e f o r m a t i o n  d u r i n g  t h e  

e a r l y  s t a g e s  o f  b u l l e t  i m p ~ c t .  

An a t t e m p t  was made t o  s t u d y  t h e  f l o ~  of  

m e t a l  a f t e r  b u l l e t  impact  on p r e v i o u s l y  p o l i s h e d  a.nd 

r u l e d  back  f ~ c e  of  a p l e t e .  The d i s t o r t i o n  c f  t h e  

l i n e s  n e a r  t h e  impact  i s  n o t  pronounced as shown i n  

F i g u r e s  2 2 ,  23 ,  and  24. 

2 .  g a c r o  and  M i c r o s c o ~ i c  Examinat ion  

A s h o r t  d i s c u s s i o n  of 8 macro ~ n d  micro-  

s c o p i c  s t u d y  0f t h e  mechanism of  p e n e t r ~ t i o n  o f  

armor p l a t e  t e s t e d  a t  Aberdeen P r o v i n g  Ground i s  

i n c l u d e d  i n  t h i s  r e p o r t  as f o l l o w s :  

I t  h ~ s  been o b s e r v e d  r e c e n t l y  t h a t  i n  p l a t e s  

of  t h e  s ta . r ,dard chromium-moly~denum vanadium composi- 

t i o n  and i n  o t h e r  c o m p o s i t i o n s  t h a t  f1o.r ?nd f a u l t i n g  

of t h e  m e t a l  o c c u r s  i n  t h e  v i c i n i t y  o f  b u l l e t  i m p a c t ,  

F i g u r e s  - 25 and 26. There e v i d e n t l y  n a s  been s u f f i c i e n t  



h e a t  g e n e r a t e d  by t h e  impact  of t n e  b u l l e t  t o  cause  

t h e  m e t a l  n e a r  t h e  impact  t o  f a . u l t  o r  s l i p  a l c ,ng  

p a t h s  of  s l i p  of nc p a r t i c u l a r  o r i e n t a t i o n .  These 

s l i p  l i n e s  o r  whi te  l a y e r s  a s  t h e y  appee.r i n  t h e  

photographs  a r e  h a r d e r  t h a n  t h e  s u r r o u n d i n g  meta l  and 

a r e  b e l i e v e d  t o  be m a r t e n s i t i c  due t o  t h e  f a c t  t ha t  

t h e s e  p a t h s  of s l i p  lvere h e a t e d  above t h e  c r i t i c a l  

p o i n t  of t h e  met31 and q u i c k l y  c o o l e d  by c c n d u c t i o n  

of  h e a t  .by t h e  s u r r o u n d i n g  meta l .  

F i g u r e  2" i l l u s t r a t e s  t h e  f l o ~  o f  m e t a l  

n e a r  t h e  s u r f a c e  of armor p l a t e  at a r e a  of impact .  

T h i s  s t r u c t u r e  v a s  r e v e a l e d  abou t  .1 i n c h  bel91v t h e  

a c t u a l  s u r f a c e  of  t h e  p l a t e .  E v i d e n t l y  t h e  b u l l e t  

i n  the  e a r l y  s t a g e s  of impact  may be compared t c  a  

h i c h  speed  b o r i n g  machine, t h e  h e a t  a t  t ime c f  impact  

b e i n g  s u f f i c i e n t  t o  cause  t o r s i o n a l  flo1.1 o f  me ta l .  

I n  many c a s e s  s p a l l s  yllhich a r e  blown o f f  t h e  r e a r  

f a c e  of armor : l a t e  shovr ev idence  c h a r a c t e r i s t i c  of 

t o r s i o n a l  f low. 

One of t h e s e  s p a . l l s  was examined under t h e  

microscope and i t  was found t h a t  t y p i c a l  t o r s i o n a l  

de fo rmat ion  1\las p r e s e n t .  

A r e a r  f a c e  of a p e n e t r a t e d  armor p l a t e ,  

shoxvn i n  F i g u r e  29  i s  an example of s p a l l s  blown 

o f f  i n  a sciral  f o r m ~ . t i o n ,  t h i s  i l l u s t r a t i o n  b e i n g  

s u g g e s t i v e  of  t o r s i o n a . 1  impact.  



A n o t h e r  c a s e  o f  r u p t u r e  c a u s e d  by b u l l e t  

impp-ct a n d  p o s s i b l y  by t o r a i o n a l  floy:r o f  r n e t ~ l  i s  

shown i n  F i g u r e  28.  T h i s  r u c t u r e  sno!?rs a c t u a l  v o i d s ,  

( b l a c k )  i n  t h e  form o f  veil d e f i n e d  t ~ i s t s .  

3. S p e c t r o g r a p h i c  A n a l y s i s  of D e p o s i t  f rom L311lle t Impact .  

1. A n p l y s i s  o f  m e t a l l i c  p a r t i c l e s  r e a o v e d  from 

d e p o s i t ,  - Cu, P-J, Zn 

2 .  A n a l y s i s  of  g r a y  poi~rder  - Cu, Pb, Fe,  .41, 

ZrP, Nn, C r .  

The a n a l y s i s  i n d i c a t e d  t h 2 t  l e a d  was t h e  m e t a l  

i n  e x c e s s  i n  t h e  d e p o s i t .  

R e s p e c t f u l l y  s u b m i t t e d ,  

R e s e a r c h  Met ~ l l u r g i s  t 





dilhouette photograph of  C & l .  .30 
bal l  eervioe velocity  m u n i t i o n  i n  f l i g h t .  



FiEure 3 

SilhoueGte photograph of Cal. .30 ball 
servioe velocity munition penetrating an 18 geug 

aluminum sheet 



Sihlouette photograph of Cal. .30 
servioe velocity ammunition after penetrating. 



F i k ~ r r !  5 - Photogre.ph by r e f l e c t e d  
Cal. .30 Armor Pierc ing Service Velocity 
b u l l e t  i n  f l i g h t  ( s t r i k i n g  d i s t m c e  

100 yards) 

Figure 6 - Photogra.ph by r e f l e c t e d  l i g h t  of 
Cal. .30 Armor Pierc ing Service 

Velocity b u l l e t  i n  f l i g h t  Jue t  about t o  
s t r i k e  Armor P l a t e .  S t r ik ing  d i s tance  

100 yards. 



Figure  7 - Photogrnph by r e f l e c t e d  l i g h t  of 
C e l i b e r  .30 Armor P i e r c i n g  Se rv i ce  Veloc i ty  b u l l e t  
8.t t h e  i n s t a n t  of s t r i k i n f f  Armor P l a t e .  Note f l a r e s  - 
p r o b ~ b l y  burning lead .  s t r i k i n g  d i s t a n c e  100 ye rds  

C r 

Figure  8 - Photograph by r e f l e c t e d  l i g h t  of 
C a l i b e r  .30 Armor P i e r c i n g  Se rv i ce  Veloc i ty  
b u l l e t  J u s t  s t r i k i n g  Armor P l a t e .  Note p e e l i n g  
o f f  jacrket meta l  from b u l l e t  core .  ( s t r i k i n g  
distance LOO y a r d s ) .  



FigL- - . photogrt rePlecteS l i g h t  of 
C~ lZber  .30 &mop ~ i ' e r c  : servic6 veloci ty  
b u l l e t  i n  progress of ~ C ~ a . t i o n  of Amor P le te  
(e t r ik ing  distance - 100 yards. ) 

I.. 
rn 

Figure LO - Photogrwgb by rsfgeated l i g h t  o f  
Ca1..30 Armr PieroWg serv ice  veloci ty  bu l l e t  
i n  progeese of penetrat ing Armor Pl~te. 
N.068 l&&jf a p l ~ h  and p a r t i c l e s  o f  J~Oke t  metal 
b@%.ri:g BI'mn fiiom impaat. ( s t r ik ing  &is taace 

3100 y ~ r d s ) .  



Figure 11 2 Photogreph by r e f l e c t e d  l i g h t  of 
Caliber  .30 Armor Pierc ing service  veloci ty  bullet  
i n  progresa of penet re t ing  Armor P1~t ;e .  (Striking 
dis tance  - 100 y ~ r d s .  ) 

Figure 12 - Pfiatograph by r e f l e c t e d  l i g h t  of 
C&Lib@ .30 haor P l r c i n g  semrtoe ve loc i ty  
bun,et; sn pmi!&pse~.e o:f pqnetraCIng Armor P la te ,  
(str&&h;ng &i(lt&;na,e - 1.00 y~rirds). 



- m 

rlgure 13 - Back f ~ c e  before lmpect 

F m e  14 - BRak f ~ c e  auuring lnte stsge 
of i m p ~ c t .  Spa l l s  f l y i n g  o f f  ~ , n d  
lncandeeoent g ~ r t i o l e a  . 



Fig.  15  - Back face after imppot. Photogr~pha 
taken by r e f l e c t e d  l i g h t .  Ammunition - C ~ . l i b e r  .30 
Armor P ierc ing  s e r v i c e  v e l b c i t y  at a d i s t ~ . n c e  of 
100 yards.  

. m  

Bigure 16 - Baak fmce before impaot. 



Figure  I? - Bnck fnce  dur ing  imppot. 
Nose o f  b u l l e t  c o r e  appear ing  through 
back o f  p l ~ t e .  

F igu re  18 - aAck f a c e  of p l a t e .  Fr~.gments  
bloton o f f .  P h o t o g r ~ p h e  tnken by r e f l e c t e d  light. 
Ammunition C d i b e r  .30 Armor P i e r c i n g  s e r v i c e  
9 e l o c i t y  a t  R d i s t e n o e  of 100 yards .  



# 

Figure 19 - Back face before impnct. 

BRCK face. 
Figure 20 - During e a r l y  stnges of impnct. 

Note crack appearing. 



Figure 21 - Back face  a f t e r  impact. 
Pho togr~ph  taken by r e f l e c t e a  light. 
Ammunition - Coliber .30 Armor P ie rc ing  semioe 
ve loc i ty  at a aistmee of 100 y8,rde. 

Figure 22 - Polished ru led  reRr faoe b f o r e  
iUlp~Ct. 



Figure 23  - Polished ruled renr  foce 
during J r  t e  stage of impact. 

F i g u ~ e  B4 - Pol$&ed ruled rear face 
a f t e r  & m o t .  

?tto%ogr:&phs D@@d bg rafleoted liqbt. 
Ar&mnft%on - CBT. .SQ Armor Pierolng 
fbo* s.egon&e +aboaX%y ,at 8 ?l.al#Far.~e of 1.a x&.. 



X&arosCruc 
hole. C . 
Etched 





Rlmlre 27 - Kacro structure p t bullet hole; - - Q---  - 
plane ar~.llel to surface. Complete penetration. 
C ,518 Cr 1.21%; MQ .566; \m. -20%; 
Etched in Roeenhain-Houghtonis reagent - X3 

Figure 98 - Wibiero structure n e w  bottom of 
bulLet hole. Arrow indic~.tes bullet penet~ation. 
C .426; N1 3.58; Si 2. Ql. Partial penetretion. 
Etshed in 608ium PicPete - XlOOO 






